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(71) We, Matsushita Electric In- 
dustrial Company Limithd, a Japanese 
company, of 1006 Oaza Kadoma, Osalca-fu, 
Kadoma-shi. Japan, do hereby declare the 
5 invention, for which we pray tliat a patent 
may be granted to us. and the method by 
wliich it Is to be performed, to be particu- 
larly described in and by the following 
statement : — 
10 This invention relates to a display or 
display and recording device, hereinafter 
referred to, for brevity, as a display device. 

The invention inchides a display device 
comprising a layer, including a luminesc- 
15 cnt material, the luminescent appearance of 
the device being controllable by elcctro- 
. phoretic movement of an electrophoretic 
material in said layer. 
The invention also includes a display 
20 device comprising a layer including a sus- 
pension medium ^and at least one material 
in a form susceptible of electrophoretic 
mobility suspended in i'aid medium, at 
least one of the components of said layer 
25 being luminescent, and at least one of the 
components of said layer being substan- 
tially opaque to the radiation which excites 
the luminescence or to visible light, said 
suspension being bounded by opposed sur- 
30 faces, spaced electrodes positioned with 
respect of said surfaces whereby on apply- 
ing an electric field across said layer be- 
tween said electrodes, the spatial distribu- 
tion cf said electrophoretic material be- 
35 tween said surfaces is elect rop ho ret icaHy 
changed whereby to change the luminescent 
appearance to said device. 
*The invention makes possible a lumines- 
cent display device having a large and /or 



flat or curved display panel. The panel can 40 
be flexible. 

Other -features and advantages of the in- 
vention will be apparent from the following 
description o£ embodiments thereof, given 
by way of example, and the accompanying 45 
drawings, in which: — 

Figures^ la, 1^ and Ic are diagrammatic 
cross-sectional views of a display panel; 

Figures 2ii and 2b are cross-sectional 
views of another form of display panel; 50 

Figures 3a and 3b arc diagrammatic 
cross-sectional views of another form of dis- 
play panel; 

Figures 4u and 4b are diagrammatic 
cross-sectional views of another^ form of 55 
display panel; 

Figure 5 is a diagrammatic perspective 
view, part broken away, of a form of dis- 
play panel; 

Figure 6a is a diagrammatic front view 60 
of an electrode for use in monogrammic 
character display panel; 

Figure 6h is a diagrammatic cross-sec- 
tional view of the panel of Figure 6a: 

Figure 6c is a diagrammatic front view of 65 
an alternative form of the electrode of 
Figure 6a; 

Figure 7 is a diagrammatic perspective 
view, partially broken away, of an imace 
display panel; ^ 70 

Figures 8^7, Sb and 8c are diagrammatic 
cross-sectional views of an electrostatic 
image display panel according to this in- 
vention; 

^ Figure 9 is a diagrammatic cross-sectional 75 
view of another form of Image display de- 
vice; 

Figure 10 is a diagrammatic cross-sec- 
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tional view of an electrostatic image dis- 
play; 

Fiiiurc II is a diagrammatic cross-sec- 
tional view o£ a display panel; 
5 Fiaurcs I2a and I2b are diagrammatic 
cross-sectional views of a form of display 
panel; 

Fiaurc 12c is a diagrammatic front view 
or a^display panel; 
10 Figure 13 is a diagrammatic perspective 
view'' of a member for use in the panel of 
Figure 12; and 

Fi'Turc 14 is a diagrammatic cross-sec- 
tional view of another form of display de- 

15 vice. . _, t. «F 

Jii the drav/inss, the size and shapes ot 
elements are not to scale and numerous 
elcmcjits have been purposely distorted ni 
size or shane for clarity. 

-^0 Referring to Fiaure \a, reference charac- 
ter 20 desisnates a luminescent display or 
display and^ record inn panel whicii includes 
a luminescent clectrpphorelic suspension 
layer 21 

OS ' The suspension layer 21. in a fluid state 
is contained within a housing 22 formed of 
a frame 23 and tv/o opposed major housing 
walls 24 and 25 of material transparent to 
radiation llux and visible light. 

30 The susocnsion layer 21 presents two 
oppo-ed major surfaces extending along the 
surfaces of the housing walls 24 and 25, 
The suspension includes a dispersion oc at 
least one elcctrophorctic matenal 26 m a 

35 finely divided powder form suspended m a 
suspension medium 27; the particles of 
the" material 26 are shown greatly enlarged 
in this and subsequent Figures. The two 
surfaces of the suspension la^-er 2 arc in 

40 contact respectively with first and second 
electrodes 28 and 29, which are of material 
transparent to radiation tlux and visible 
liL^ht: the electrodes are attached to the 
irTner siirfaccs of the housing walls 24 and 

"^^The electrodes 28 and 29 are mounted to 
the terminals of a direct voltage source 
throuf^h a switching means 31. If no elec- 
tric Oeld is imposed on the suspension layer 

50 from said source 30, the fmely davided elec- 
trophoretic material is distributed unitormly 
throughout the suspending medium 27 as 
shown diagrammatically in Figure la. 

Radiation sources 32 and 33. for example 

55 ultra-violet iisht sources, are positioned on 
onposite sides of the panel so as to direct 
radiation flux on both sides of the suspen- 
sion laver. If the elcctrophorctic material 
26 is luminescent and emits, for example, 

60 green, lisht when excited by ultra-violet light 
and the" suspension medium 27 is not lum- 
inescent and strongly absorbs the visible 
li^^ht and /or the radiation flux, the suspen- 
sion layer 2 exhibits a deep green colour 



at electrodes 28 and 29 in response to the 65 
radiation. . . , 

IE the deep green suspension layer is sub- 
jected to a unidirectional electric field by 
voUaue from source 30. the elcctrophorctic 
material is caused to move elcctrophorctic- 70 
ally in a direction toward the cathode or 
the anode, depending upon its polarity. For 
example, if the malcrial is negatively 
charged.' it moves and is deposited on the 
anode 23. A non-uniform spalial distribu- 1> 
tion results as shown diagrammatically in 
Fiixure 1^. . - 

This different spatial distribution ot the 
material 26 results in a luminescent appear- 
ance diifering from that of the original sus- SO 
pension lavcl- of uniform distribution. For 
example, the panel may show a bright green 
colour at the anode because the green light 
emitted in response to source 32 ^rom the 
laver of the elcclrophorelic material dc- 8^ 
nobi^ed on the anode is directly visible 
throuih the anode 28 without transmission 
ihrouah and absorption by tlie suspension 
medium 27. TIic cathode side of the panel 
is dark, since light emitted from th.c eieciro- 90 
phorelic material adjacent the anode is ab- 
sorbed on transmission through the suspen- 
.:ion medium. Reversal of the direction o. 
the field by reversing the polarity of ine 
aopiicd voltase, causes the ciectrophorelic 9:> 
material to be deposited on the cathode ^•). 
as shown in Figure Ic. and a reversal ol 
the colour characteristic of the panel. 

The foreuoing description assumes that 
iho susneiiMon medium is not luminescent, i^'^ 
but this may not be so, and a lumme.sceiit 
suspension mediuiii can be used. Tn this 
case the panel mav exhibit, at its surfaces, 
colours which are additive mixtures of the 
luminescent colours of the medium and the ^^^^ 
ciectrophotoreiic material. The device of 
Figure ih or Figure \c will siiov/, at elec- 
trode 28, colours which are substanLially 
the luminescent colours of liie electro- 
phorctic material or the suspension medium 
respectively. The colour characiensuc ot 
the panel depends upon the spatial distri- 
bution of the elcclrophorelic material, the 
luminescent properties of the electro- 
pliorelic material and the suspension H:* 
medium and transmission properties of the 
clecirophoveiic material and the suspension 
medium for radiation llux and visible light. 
In this wav, when the device is exposed to 
the radiation flux its luminescent appear- 1-0 
ance v/ill change due to elcctrophoreifc 
movement of the material 26. 

[f only a small amount of the elcctro- 
phorctic material is deposited on the anode, 
a half-tone appearance is produced at the 1-^ 
anode side of the panel dependent upon 
the amount of material deposited electro- 
phoreticallv on the anode. Hence the colour 
characteristic at the anode side of the panel 
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is subject to continuous control by con- 
trol of the amount of material deposited 
dcctrophorelically on the electrode, and 
this caii be controlled by die direction, mag- 
5 nitude or period of application of the volt- 
age. Since the colour at the cathode side of 
the panel is affected by the elect rophoreiic 
movement of the electrophoretic material 
toward the anode, the colour of the dis- 
10 play panel can be changed by varying the 
magnitude, the duration and the polarity 
of the applied electric field. 

Electrophoretic material deposited on an 
electrode surface by electrophoresis will 
15 remain on the electrode after the removal 
of the applied electric fidd. and this means 
tliat the display device described serves to 
record information v/ithout the sustained 
use of electric field or power. The panel 
20 can be restored to its original colour -by 
an appropriate electric field of reverse 
polarity or by the application of strong 
mechanical vibrations to the device. An 
applied A.C. electric field to the suspension 
25 layer can also clTectively restore the original 
colour of the panel. 

With the device shown in Figure 1. 
changes of the luminescent appearance of 
the suspension layer can be observed from 
30 both sides of the panel since the radiation 
sources are positioned one on each side of 
the panel, and two v/alls of the housing and 
the two electrodes are all transparent to 
radiation flux and visible light. If it is dc- 
35 sired to observe the device from one side 
only the other housing wall and the attached 
electrode can be replaced by an opaque 
conductive plate such as a metal plate for 
example, and the corresponding radiation 
40 source omitted. A suspension layer com- 
prising a luminescent suspension medium 
and at least one luminescent or non- 
luminescent elect rC'phoretic material sus- 
pended in the luminescent suspension 
45 medium can also be used. At least one of 
the componenls of the suspension layer, that 
is the. suspension medium or the electro- 
phoretic material, must be luminescent and 
another component must be substantially 
50 opaque to the radiation flux and/ or visible 
light emitted from the one luminescent com- 
ponent. The desired opacity can be due to 
absorption and/or reflection of the radia- 
tion flux or visible light. 
55 In another form of the device a radiation 
source is disposed behind the panel and 
visible light is emitted from the front. When 
a deviccT of this type is observed through 
the electrode 28. for example, the radiation 
60 source 32 is removed and the housing wall 

24 and the electrode 28 must be trans- 
parent to visible light and the housing wall 

25 and the electrode 29 must be transparent 
to the radiation flux. The operation of such 

65 a device can be explained with reference to 



Figures la, 16 and Ic. If the electrophoretic 
material is luminescent and the suspension 
medium is non-luminescent and strongly 
absorbs light emitted from the electro- 
phoretic material but transmits the radiation 70 
ilux witliout substantial absorption, the 
brightness of the device with the same 
spatial distribution of the electrophoretic 
material as indicated in Figures 1^7, \b and 
Ic is medium, high and low. respectively. 75 
On the other hand, if the non-luminescent 
suspension medium does not substantially 
absorb the light emitted from the electro- 
phoretic material but strongly absorbs the 
radiation Ilux, the brightness of the device 80 
in the conditions of Figures la, lb and Ic 
is medium, low and high, respectively. Thus., 
the colour characteristic of such a device at 
the side opposite the radiation source can 
be changed by application of a suitable 85 
direct voltage. There can also be used sus- 
pension layers in which the suspension 
medium is also luminescent, or the electro- 
phoretic material is non-luminescent but 
the suspension medium is ItuninescenL 90 
When there is only one luminescent com- 
ponent in the suspension layer another 
component in the suspension layer must be 
substantially opaque to radiation flux or 
visible light emitted from the luminescent 95 
component. 

A device in which the radiation source is 
located behind the panel is useful for many 
display purposes as it does not require a 
large, space in front of the panel. 100 

Tlie unidirectional voltage for control- 
ling the electrophoretic material need not 
be a constant direct voltage and may be 
any other unidirectional voltage such as a 
pulse voltage or pulsating voltage. i05 

Tiie radiation flux for activating the 
luminescent suspension layer can be any of 
a number of suitable sources: in addition 
to ultra- violet light there can be used 
visible light, x-ray, y-ray. electron beam or no 
a:-particlcs. Such luminescence phenomena 
are usually called photoluminescence, radio- 
luminescence or cathodoluminescence. res- 
peciivcly. Examples of ultra-violet sources 
include fluoroescent lamps, mercury lamps, us 
xenon lamps or sun light. 

Ultra-violet fluorescent lamps such as, 
for. example, a lamp radiating in a range 
about 2537A. chemical lamp radiating ultra- 
violet light of about 3000A or a black light 120 
lamp radiating ultraviolet of about 3600A 
arc convenient to use. By positioning several 
lamps behind the display panel a relatively 
slim di?^play device can be made, emitting 
visible light information from the front of 125 
the panel. 

It* is not necessary that the radiation 
source should be positioned outside the 
suspension layer, and the source can be dis- 
posed inside the layer. Radioactive isotopes 130 
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such as. for example, radium, strontium 90, 
tritium or promethium 147 radiate suitable 
flux such as a:-particlcs or clectroris. If tjie 
suspension layer includes a suitable ladio- 
5 active isotope and at least one uminesccnl 
component capable of radiation visible 
li'^ht by the radiation flux from the isotope, 
the device is self-luminescent and no ex- 
ternal source of radiation is required. 
iO The means -for activating the suspension 
layer is not restricted to a radiation source, 
and the layer can be made to emit visible 
ii"ht by excitation by an electric held 
applied across the suspension layer, that is 
15 by electroluminescence. When the clectro- 
phoretic suspension layer includes at least 
one component consisting of an electro- 
luminescent material in the suspension 
layer, an electric field applied across the 
no suspension layer will cause fll^^^l^f-^^i? "'ti?: 
escent material to emit visible light 1 
electric field for this purpose can be an> 
suitable time-varying field, inchiding an 
alternating electric field, a repetitive pulse 
-7^ field or a^-pulsating field. V/hen the e ec ro- 
phorelic material consists on an electro- 
luminescent material the suspension laver 
can b> made to emit light upon application 
of Tor example, an A.C. voltage from the 
^,0 voltaae source 30 applied between ^^^f ^^:<^y- 
trode^; 2C and 29 in Figi^.re L An eleclnc 
field applied across the suspension la>er 
to control its brightness can change the 
spatial distribution of the electrophoreU: 
35 material in the suspension ^^^^duini esUb- 
lished by application ot the uniaire. uoaal 
voUa-e. For example, a spatial ,distribu- 
tion 5f electrophcrelic material suc:i as Ir^. 
shown in Fiaures lb or Ic established by 
the application of a unidirectional voltage 
may be destroyed by an alternatmg held 
applied from the voltage source to con- 
trol the briditness of the suspension la^er. 
and chanee^it to the distribution of electro- 
45 Shorctic material as indicated in Figiire l^ 
This change in the spatial distribiition of 
£ electrol)horetic material depends upon 
he magnitude, the duration and the fre- 
cuencv^of the alternating voltage appJ ed. 
<0 If the olectrophoretic material suspended in 
the suspension medium follows the fre- 
q rencv of the applied alternatmg vo ^age to 
the extent of vibrating between the e ec- 
trodes the device emits light, at both dec 
S5 trodes: cyclically varying at the frequency 
of the applied voltage. 

On the otlicr hand, if the suspen- 
sion laver having a spatial distribution 
of the 'electrophoretic material as shown 
60 in Fiaure la is subjected to. ^oi ox- 
kmple: repeated unidirectional pu e voU- 
,oges from die voltage source oO the ncga- 
iWo electrophoretio material, while emit- 
n^li-ht, moves toward an anode under 
65 tho influence of the pulse voltage and is 



deposited on the anode surface, whereby the 
device emits electroluminescent light at 
the anode. In consequence, a device having 
a suspension laver in a liquid state bright- 
ened by an electric field having a direct /O 
component, cannot produce a stationar\' 
half-tone display because the applied volt- 
a^^e deposits all of the electrophoretic ma- 
terial on the one electrode. If, as described 
hereinafter, the suspension layer is hard- 75 
ened after the desired spatial distribution of 
the electrophoretic material is established 
by the unidirectional field, application of 
any electric voltase from the voltage source 
30 across the suspension layer to control SO 
the brightness of the suspension layer can 
maintain the desired colour of the display 
without chansina the spatial distribution of 
the clcctTophorelic material in the suspen- 
sion medium. . 

The suspension layer may also consist ot 
an electroluminescent electrophoretic ma- 
terial suspended in an elcctrcluminescent 
suspension medium. If the colour of the 
lisht emitted by electrophoretic and sus- 90 
pension mediums differ in hue and/or 
saturation, the colour characteristic of the 
display can be varied over a wide range 
bv varying the polarity of, for example, a 
repetitive pulse voltage applied across the 95 
suspension layer. The clcctroluniinesccnt 
susncnsion medium can be prepared by, tor 
exanipic, suspending an electroluminescent 
non-e!ectroplioretic- material in non-e!ectro- 
luminesceiil suspension medium. In the pre- lOO 
sent specification, the expression "suspen- 
sion mediunf' includes not only a single 
phase 'liquid or solid medium but also a 
MU^pcnsion comprising non-clectrophorelic 
particles suspended in a liquid or solid i05 
medium. . ... 

The suspension medium opaque to visible 
liaiit can be prepared by dissolving a 
coloured substance, such as a dye m a 
colourless liquid, or by susnendmg electric- no 
ally neutral coloured particles, such as dyes 
or pisments, in a colouriess liquid. As^ an 
examnle, a deep blue suspension medium 
can be prepared by dissolving oil black dyes 
in eth^l acetate or kerosene. ll_ 

Figures 2a and 2[> show another form of 
displav means; in these and in subsequent 
Fiiiures, similar parts bear similar refer- 
ences. In Fifiure 2 a luminescent or non- _ 
huninescent porous laver is inserted in a 1-i 
susDcnsion medium 36. The suspension 
medium 36, the porous layer 35 and the 
electrophoretic material 26 together make 
un a luminescent electrophoretic suspen- 
sion laver 37. Merely to facilitate explana- 12 
tion, it is assumed that the suspension 
medium 36 is non-kimincsceiU and transpar- 
ent with respect to radiation flux and visible 
liiiht. In the device of Figure 2a, v/hcn the 
device is subjected to radiation Ilux on both 13 
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its surfaces, a luminescent colour will be 
produced which is a mixture of the lumin- 
escent colour of the clectrophoretic material 
26 and that of the luminescent porous layer 
5 35, if the porous layer is luminescent and 
the colour can be seen from both electrodes. 
In Figure 2 and subsequent Figures the 
radiation sources are omitted. 

If for example the porous layer emits red 
10 4ight when subjected to ultra-violet light, 
the display device emits yellov/ light at both 
electrodes, being an additive mixture of 
the red luminescent light of the porous 
layer 35 and the green light of the clectro- 
15 phoretic material. If a unidirectional electric 
field 'is applied between the two electrodes 
28 aiid 29. the eicctrophoretic material is 
caused to pass through the porous layer and 
to be deposired on one electrode, depending 
20 upon its polarity, for example the anode, 
as shown in Figure 2b, Also, for ease of ex- 
pianalion, it. is further assumed that the 
display is observed from one side only, that 
is from the side 0\ wall 24 and that the 
25 radiation is dirccicd against that side only; 
in such an arrangement the housing wall 25 
and electrode 29 could be replaced by an 
opaque electrode such as Tor e?;araple, a 
metal plate. Ic the layer of elect rophoretic 
30 material 26 deposited on anode 28 is opaque 
to the radiation flux and /or the liglit emitted 
from porous layer 35, the device in the ex- 
ample given will show the green colour of 
t!}c clectrophoretic material. V/ith a direct 
35 voltage of opposite polarity applied between 
electrodes 28 and 29, the dec I rophoretic 
material is caused to pass through the 
porous layer 35 and to be deposited "oii the 
electrode 29. If the porous layer is substan- 
40 tially opaque to the radiation flux and /or 
the light cmiiled from tlie clectrophoretic 
material, the red light emitted from the 
porous layer in response to the radiation 
v/ill be seen. Thus, the colour characteristic 
45 of the device can be changed from green 
through yellow, to red. or vice versa, de- 
pending upon the polarity of the applied 
direct voltage. 

In another arrangement, the radiation 
50 source is arranged behind the panel, as 
source 33, and no radiation is directed against 
the v/all 24, from which side the device 
is observed. If the porous layer 35 and tlic 
clectrophoretic material 26 are opaque to 
55 radiation flux but transparent to visible 
light, or are opaque to visible light 
but transparent to radiation flux, the 
colour characteristic of the device can be 
changed from the green, through yellow 
60 to red, or vice versa, again depending upon 
the polarity of the appiied direct vol Fagc. It 
is not always necessary that the porous 
layer and the eicctrophoretic material 
should both be luminescent; if one at least 
65 is electroluminescent, the colour character- 



istic of the device can be changed by vary- 
ing the polarity of a respective direct voltage 
pulse or a pulsating electric voltage from 
voltage source 30. 

The porous dayer 35 can be made from 70 
any luminescent or non4uminescent sheet 
material in which pores exist or can be pro- 
duced. The pores must be of a size large 
enough to permit the particles of eicctro- 
phoretic material to pass through but must 75 
be as small as possible to disturb the trans- 
mission ^of radiation flux or the light 
emitted from the luminescent component. 
Suitable materials include cloth or a mesh 
fabric woven of natural or artificial fibres; 80 
a fibroid sheet having thousands of irre- 
gular pores; a th-in plate with a very large 
number of very small holes; and a sheet 
of material of a granular nature bonded 
with resin or an adhesive agent to form a 85 
porous structure. 

in the construction of Figure 3a, a sus- 
peiision medium 39 includes at least two 
kinds of clectrophoretic materials 40 and 
41 in finely divided powder form. For sim- ^0 
plicity of description, it is assumed that the 
suspension medium 39 is non-lumincsccnt 
and transparent to radiation ilux and visible 
light. The suspension medium and the ma- 
terials 40 and 41 together provide a lumin- 
e:>ceni clectrophoretic suspension lavcr 42. 
Tile two materials 40 aiid 41 diuer with 
respect to charge polarities and luminescent 
properties. It is not necessary that both of 
the clectrophoretic materials 40 and 41 of 
tliC suspension layer should be luminescent. 
This device displays at its opposite sides 
a colour . which is a mixture of the lumines- 
cent colours of the two kinds of elcctro- 
piioretic materials 40 and 41 v/hcn excited 
by radiation flux or alternating electric 
hold. 

If a unidirectional electric field is applied 
to llie clectrophoretic suspension layer, the 
two electrophorelic materials 40 and 41 of HO 
diilereni ij-pcs arc caused to move electro- 
phorctically in opposite directions. The ma- 
terial of positive polarily moves towards the 
cathode and is there deposited, and that of 
negative polarity moves to and is deposited 
on the anode, as indicated in Figure 3^, 
If the material of positive polaritv emits, 
for example, green light and the other and 
negative material emits, for example, red 
light, a spaiia-l distribution of electrophoretic 120 
materials 40 and 41 as indicated in Figure 
3/> will result, producing a green colour at 
the cathode side and red colour at the 
anode, since the electrophoretic materials 
are substantially opaque to radiation flux 125 
and /or visible light. 

Before the unidirectional electric field is 
appiied the device has a^ yellow colour at 
both electrodes, due to uniform spatial dis- 
tribution of the green-luminescent material 130 



1.314.906 



10 



and llic rcd-luniincsccnt material, as indi- 
cated ill Figure 2a. i „ 

Tiio colour characteristic of Uic display 
or display and device can be reverued by 
reversing the polarity o£ llie apphed dircU 
voltaic. A device can bo provided having 
a radiation source at one side only as des- 
cribed above. . , 

In the device siiov/u in f-igurcs 4a a..d 
4/. an elect rophoretic suspension layer 4^ 
includes a suspension medium j9 and at 



incluacs a suspwiiMon n.^-^.v.... . ^.i- 

least two kinds of electroplioretic ina.e, ,a . 
iS and 46 in fmely divided powder orm. 
the two materials have the same c.iarse 
poiaritv but differeni electrophoretic 
mobilities and luminescent properiies. 
Hhiail-.-. the device of Figure 4a has on 
both sides a luminescent colour v/mch is^ 
a mixture or the luminescent -'''©"-'^s ot tl 
f.yo i-Jnds of electrophoretic materials v/nen 
subjected to radiation flux or alternating 
electric field. If the two materials emit, fo. 
examr:ic. yellc^v and blue light. resp.^.tr.eb> 
tlic divice shows white co our the additive 
. 'ffec of the yellow and blue light, at bo h 
s de; With an applied direct electric ndd 
bolli tvpes cf electrophoretic maleria are 
caused to move elcctrophoretically in ihe 
same direction. , 

[f electrophoretic materials 4p . "Jf 
arc I50sitive and the electrophoretic ni^oilu.. 
of the material 45 is greater tnan tnat ot 
material 46, the material 45 moves faster 
San material 46 in the suspension layer 
inder the ellect of the electric field n 1 a 
.--rcater amount of the former material is 
deposited nearer the cathode, as inJ^^ff d 
in Fisrure 46. The device thus exhibits a 
^fellow colour toward the cathode and a 
"blue colour toward the anode. 
cause the electrophoretic •natcrin s 45 and 
46 are subslantially opaque to raduit.on Hjx 
and/or visible light. 

The colour of die display or display and 
recordine device can be reversed by revcr^- 
in- the p'olarity of the applied direct voltag 
ItVll be seen that in the ^m^'.d'mcius o=. 
the invention so far described and lUus- 
.'-a'=--.-! the kMiinesceat elejtrophoret.c sa^- 
n-iiion laj^r comcrises a suspension 
medi m and at least one electropaoretic 
ma^'erkl in a finely divided powder lorm 
f^i^^Ld in the medium. Th>. siispcn^^^^^^^^ 
laver can comprise a porous layci and, oi 
another electrophoretic material v/n.^n nia> 
have a dTlrerent luminescent property, oppo- 
lue charse polarity or different electro- 
phoretic mobility from, at least one o. the 
electrophoretic materials.. The e ectro- 
nhoiclic suspension layer includes at least 
S e luminescent component selected from 
S e ^roun consisting of a suspension 
medium, the electrophoretic material and a 
norous laver. The luminescent suspension 
65 FaN^r omits visible light when the lummes- 
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cent component in the suspension layer is 
e,\cited by the radiiition Ilux or electric field 
such as alternating pulse or pulsating elec- 
tric lield, applied thereto. 

The luniinescent property of the suspen- 
sion layer is susceptible of control by a 
direct electric lield applied to it: ine appheci 
field ciianacs :hc spatial distribution ot the 
electroi3ho"retic material in the suspension 
mediuni ekctropnorclicaiiy so ihat the mag- 
nitude of the radiaiion lh:.x for producing a 
Tiven brightness of ihe iuminesceni compon- 
ent in die suspension layer changes and, or 
the lisht emitted from the lumineicent coni- 
ponem in die suspension layer changes in 
strength and/or spectral property betore the 
li"ht cmetL^es from the device. Ihe sus- 
pSnsion layer. Uierefore. must comprise at 
least one component which is subsianiiaiiv 
opaque with respect to the radiaiion ilux 
aiid/or ihc ii^l-.t emitted from ihe .iimines- 
"cnt component in the suspension layer, l he 
opaque component consists of at least one 
comtioneni. not including the one lumines- 
cent component, and may be selected from 
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the group consisting of the suspinsioa 
medium, the clecu-op here tic inaienul and 
the norous layer. In Figures J to 4 it the 
cievico is obscr\'cd irom one side only, lor 
example from ilie side of electrode 2c>, tlie 
housing wall 24 and the electrode 28 miisi 
be transparent with respect to visible light. 
When the suspension layer is e.Kcited so as 
lo emit liL^ht in response to the radiation 

. . *- .1 — 'irv liiaL at least 

25, and 
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Ilux. it is" further nccessarv 
one of the housing walls "^^ 



that 
ar.d 



100 



the electrode adjacent that wall should b; 
transparent to rhe radiation ^^^^ ^ 
t)ossible to consiruct devices ot dilterent 
ivpe bv directing the radiatioii source toward 
-/pU 24, that ili, toward tlie front ot the 
panel or toward wall 25. that is, with tne 
"ource behind the panel. Ln any airanue- 
menl. ihe wall and liie electrode facing ine 
radiation source must bo transparent to the 
radiatio!! ilux. 

in Fiaure 5. a suspension layer 50 can 
be any" one of the possible iummescent 
eicjtrophoretic suspension layers described 
such as layers 21, 37, 42 or 44. Tne layer 
includes at least one electropnoretic ma- 
terial sLispended in a suspension medium 
'.xnd is enilcscii in a liousing 22 haying op- 
posite major waiis 24 and 25. 1 iie first e:ec- 
trode 51 carries a paicern, or symbol. S'/.own 
an E-^haned svmbol. ihe second elec- 
trode 52 cxtcj'.ds' substantially uniforniiy 
across the entire wall 24. The device ^is in- 
t-iried to be ch^erved only from liie side ot 
wall 24, and so v/ali 24 and the electrode 
^'^ are ir.ade transparent to at least visible 
ii-ht. if the electrophoretic suspension layer 
SO is electroluminescent, the device will dis- 
piav the svmbo! 'E' upon application of, for 
example, 'a sinusoidal alternating voltage. 
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or ail alternating or direct pulse type voltage 
between electrodes 51 and 52. The colour 
of the 'E' can be changed for example by 
reversing the polarity of the applied direct 
5 voltage. 

When the layer 50 emits light when ex- 
cited by radiation uux; the device is pro- 
vided v/ith at least one radiation source, in 
front of or behind the panel, and the wall 
10 and electrode attached exposed to the radia- 
tion iiux musi" be transparent lo it. The 
colour characteristic of the symbol can be 
changed, v/hile the suspension layer is ex- 
posed to radiation flux, by varying the mag- 
15 niUide, duration of application or polarity 
of the applied direct voltage. 

The const rue tioii shov/n in Figures (kz 
and 6h includes a luminescent clectro- 
piiorctic suspension layer 50 which can he 
20 ^*-*iy of the clcctrophoretic suspension layers 
described, sucli as layers 21,*37, 42 or 44. 
i he layer includes at least oi;e clcctro- 
phoretic material sui-pcnded in' a suspen- 
sioii medium and is enclosed in a housing 
75 22 havin*! two onnositc major walls 24 and 
25. 

A iirst electrode 53 is composed of a plur- 
ality ci separate segmental electrodes 
Si — 5-. A second electrode 52 extends uni- 

30 formly over the area of wall 24. The wall 
and eloctiode through which the device is 
observed are transparent to at least visible 
light. V/hen lajer 50 is exposed to radia- 
tion fiux to cause it to emit light, the wall 

35 and adjacent electrode exported to radiation 
ilu:: must l^e transparent to the CiVK. JZlec- 
trodes S, — S- arc connected through con- 
ductive leads io electrical terminals T, — T. 
positioned on t!ie exposed surface of the 

40 wvlW 5 as s!iov/n in Figure 6b. The elec- 
trodes Sj — Sj provide a nionogrammic de- 
vice, so that didcrcnl combinations of the 
electrodes Si — S; can be used to present 
dilTcrent numbers or characters when a 

45 direct electric field is applied across the 
selected segmental electrodes and the sec- 
ond electrode 52 while the suspension layer 
50 is exposed to radiation flux. For ex- 
ample, a direct electric field applied across 

50 the electrode 52 and the segn-iental elec- 
trodes S,. S.,, S.-, S,; and 3 7 will cause the 
device to display a formalised figure *3\ 

Tn another method of connecting the seg- 
mental electrodes S, — S- to the respective 

55 terminals, shown in Figure 6c, the electrodes 
are connected to electrical terminals located 
on the edges of the v.^all 25 by using leads 
f., — L- formed on the same surface as the 
segmental electrodes. Other methods of 
60 making the necessary connections can be 
adopted. 

Tlie construction of Figure 7 includes a 
suspension 'layer 50 which can be any of the 
layers described such as layers 21, 37, 42 
65 or 44 and as such includes at least one 



clcctrophoretic material suspended in a 
suspension medium, enclosed in a housing 
22 having major walls 24 and 25. 

A first electrode consists of a series of 
strip electrodes X|, x^;, x,. . . . which are 70 
parallel lo each other and arc attached to 
the inner surface of v/all 24. A second 
electrode is attached to the inner surface 
of wall 25 and consists of a further series 
of strip electrodes Vi. y-, yg, . . . parallel 75 
to each other and at right angles to elec- 
trodes Xi, X;. x.- .... ^ 

If the device is to be obsen'ed through 
the v/all 24 the wall 24 and the adjacent 
electrode must be transparent to visible 80 
light. When the suspcni^ion layer 22 is ex- 
cited by the radiation ilux so as to ennt 
light, llic device has at least one radiation 
source in front of or behind the panel, 'the 
Iiousing wall and the electrode facijig to- 85 
ward the radiation source are traiisparent 
with respect 10 the radiatioii flux. 

A unidirectional electric field is applied 
betv/ecn one electrode of the series Xj, x^., 
x-,, . . . and one of the series yi, y^-, y.,, ... 90 
If, for example, voltage is applied' between 
electrodes x, and y^, diat part of the sus- 
pension layer 50 at the intersection elec- 
trodes X-: and y. is subjected to the field 
and forms one picture element. The 95 
narrov/er t!ie strip electrodes, tlie smaller 
tiie picture elements thus formed. 

More than one electrode can be selected 
from each series to enable a desired pattern 
of picture elements to be built up. Scan- iqO 
ning techniques can be utilized to scan the 
pjcfure elements sequentially and cyclically. 
'The desired series of strip or segmental 
electrodes as shov/n in Figures 5, 6 and 7, 
can be prepared by any suitable method, 105 
such as elecirodeposiiion. vacuum evapora- 
tio n , p r i n ting 0 r pho tcctch ing tec hri iq ues . 

Another embodiment of the invention is 
shown in Figures Za, ob and 8c. This in- 
cludes a suspension layer 50, which can be no 
aiiy of the layers previously described, 'the 
ir,yer includes at least one elect roplioretic 
material suspended in a suspension medium 
and is ep.c losed in a housing 22 having 
spaced v/alls 55 and 56; at least one walK li5 
in this case wall 55, consists of a sheet of 
an insulating material such as polyester, 
cellulose acetate, cellophane or polyethyl- 
ene. 

An electrode 57 is placed on the outer 120 
surface of the wall 55: it is not fixed to the 
surface of the wall and can be easily' re- 
moved. The electrode is, however, coupled 
to the suspension layer 50, The second 
electrode can be, for example, a metal plate 125 
and as shov/n is constituted by the other 
v/all 56 of the housing. 

Tf the second wall has a high electrical 
resistance, a second electrode can take the 
form of a thin electrically conductive film 130 
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attached to the inner surface of tiic wall 
56; agahi, it is also possible to use as the 
electrode, a metal plate on which the wall 
56 is placed. If the wall 55 has a high elec- 
5 trical resistance, a higher value of direct 
voltage must be impressed between the 
electrodes. ^ , , 

Tiic contact area of the first ciectrode 5/ 
can be given a pattern, and when a direct 
10 electric held is applied corresponding pal- 
terns are produced on the surfaces ot v/alls 
55 and 56 due to the movement of the 
clcctrophoretic material, and this pattern 
will persist after removal of electrode 57. 
15 The wall of the housing through which the 
effect is observed must be transparent to 
visible lisrht and the wall exposed to radia- 
tion tiu.K^must be transparent to it. 

The electrode 57 can be a manipulable 
20 electrode, such as a pen-like electrode, cap- 
able of beins moved freely over the surface 
of wall 55 and il is then possible to produce 
a desired pattern, or writing, on the surface 
of the wall by applying voltage betv/ecn the 
25 pen electrode and electrode at 56. wliile the 
electrode 57 is moved. 

The desired electric field across the sus- 
pension lavcr 50 can be produced by surface 
cliarcing of the high resistance -wall 55, 
30 usins charged particles such as ions or elec- 
trons in a" manner similar to that used in 
electrostatic recording. 

To erase the electrostatic patterns, a 
roller having a conductive surface can be 
-^5 used, with alternating or direct vohage ap- 
plied to it, iho roller being moved over the 
lAiSuiaiini!: surface of the wall. Alterna'dvely, 
positive "or negative cliarged particles can 
be put on the surface of the wall to produce 
40 the erasing electric field. 

It is preferred to insert betv/ecn wails 55 
apd 56 a spacer such as a porous layer 5o, 
as shown in Figure Sh, or a sheet 59 having 
a larse number of projections, as shown in 
45 Fii-ure 8c, particularly when the walls are 
of^flcxible material. Said spacer is substari- 
tiailv transparent to visible light and radia- 
tion' fiux and serves to keep the v/ails 5^ 
and 56 apart, and preserve the desired 
50 tiiickp.ess of layer 50 despite pressure 
applied to the wall of the liousing. due to 
the pressure of the electrode 57 or to bend- 
ing of the housing, where the electro- 
phoretic suspension layer is in liquid form. 
55 The spacer can be made from any sheet 
haying pores or projections and suitable ma- 
terlaris a screen made of nylon or Tetron; 
Tetron is a trade name of a polyester fib^rc 
available in Japan. The porous layer 35 
60 in Ficure 2a must be substantially opaque 
or lurnlnescent, but the spacer 58 or 59 is 
substantially transparent and non-lumines- 
cent and may act as a mechanical spacer 
between major walls of the housing. The 
65 spacer can be merely inserted between the 



two walls, or one or both surfaces of tlie 
spacer can be attached to the surface of the 
adjacent wall. The spacer need not be in- 
serted in a suspension layer which includes a 
porous layer such as 35. if that layer is cap- 
able of serving as a spacer between walls 
of the housing. 

Another form of construction is shown 
in Figure 9. Housing 22 has an insulating 
wall 55 and a wall 25 to which is attached 
an electrode 29, connected to a voltage 
source 30. Wall 25 and electrode 29 are 
transparent to at least visible light. Housing 
^2 contains the electrophoretic suspension 
faycr 50 and the housing is designed to 
form the front face of the envelope 60 of 
a cathode ray tube device. 

The device includes an electron gun 61 
and scanning means 62. by which negative 
electron charecs in a given pattern can be 
deposited on^lhe insulating surface of the 
wall 55. rSy modulating the beam intensity, 
for exaiupfc in accordance whh a video sig- 
nal, the charge pattern built up will pro- 
duce a corresponding electric field across 
the electrophoretic laver 50. When the sus- 
pcnsio!! layer h exposed to radiation flux, 
visible pultenis are reproduced on the v/alls 
25 and 55 due to the movcinent of tiie elec- 
trophoretic material. Conveniently the radia- 
tion flux can be directed onto the suspension 
laver J liroush a transparent window 63 in the 
c:r/elop- and throuuh wall 55, or through 
{he van 25 and electrode 29. In the latter 
cas:, if the electrode 29 and v/all 25 are 
transp-.ro-U to radiation flux and to visible 
liriht, Jlie window is not necessary. The first 
electrode 29 acts as an anode, and the elec- 
tron 2un 61 acts as a cathode. Tlie visible 
pattern caii be erased by a suitable second- 
arv emission characteristic of wall 55. 

in a modification of the display device 
*;hov/;i in Haure 9 the v/ali 55 is replaced by 
a . wire-mosaic faceplate consisting of a 
tliin alass sheet Iiaving embedded therein 
a large number of finest ransverscly extend- 
ip^ wires. Tiiis wire-mosaic provides the 
e&trical connection between the electron 
beam in the vacuum and the electrophoretic 
suspension layer outside the vacum. The 
electron beam charges the wires of the 
mosaic and so applies an input electric field 
across tlie suspension layer. 

Fiaure 10 shows an arrangement includ- 
ing the suspension layer 50 which can take 
any of the forms described. The layer in- 
cludes at least one electrophoretic material 
suspended in a suspension medium and is 
applied to a base plate or sheet 65 which can. 
be* of material such as paper, metal or 
plastic. The base plate is placed on an elec- 
trode 66, Since the suspension layer is not 
confined within a housing, it must have high 
viscosity, but. must be capable of being 
brought to a condition in which the re- 
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quisite degree of electrophotcric mobility 
is possible when voltage is applied. A suit- 
able suspension layer may be in a solid state 
at room temperature but capable of being 
5 softened by a suitable method, such as 
heating or the addition of a solvent. 

An electrode 57 is shaped to give a de- 
sired pattern of contact with the surface of 
the suspension layer. A direct electric field 
10 is applied between the electrodes so as to 
move the elcctrophoretic material electro- 
phoretically while the suspension layer is 
softened by heat or by means of a solvent. 
The suspension 'layer is exposed to radia- 
15 tion flux and when thereafter the electrode 
57 is removed the pattern remains on the 
surface of the suspension -layer. If the base 
plate is transparent, a complementary pat- 
tern of different colour can be obser\^ed 
20 through the base plate. A permanent pattern 
can be produced by cooling the suspension 
layer or by evaporating the solvent as the 
case may be. If the base plate 65 is con- 
ductive, it may be used as the electrode, and 
25 a separate electrode 66 is not required. 

The luminescent component in the 
luminescent elcctrophoretic suspension layer 
can be a fluorescent material of the type 
used in fluorescent lamps, scintillators. 
30 cathode ray tubes, radar orluminous pahits. 
The luminescent el ectropho relic material 
can be organic or inorganic fluorescent ma- 
terials in"^a finely divided powder form; 
fluorescent pigments or dyes can be used 
35 directly. Fluorescent material which can be 
used include material in the form of a main 
body consisting of the oxide, sulphide, 
selenide. silicate, phosphate or tungstate of 
metal such as calcium, barium, magnesium, 
40 zinc, cadmium or strontium. A small amount 
of manganese, silver, copper, antimony, lead 
or bismuth is added, as an activator, to the 
main body. Organic fluorescent materials 
which can be used include dyes such as 
45 diaminostilbene group, fluorescein, ihio- 
flavine. cosine or rhodamine B. 

The luminescent appearance of the ma- 
terial refers to the intensity and /or spectral 
distribution and persistence of the light 
50 emitted from the luminescent material in 
response to radiation flux or electric field 
applied thereto. Suitable luminescent sus- 
pension medium can be prepared by dissolv- 
ing the fluorescent dye in a liquid carrier 
55 or by suspending electrically neutral fluores- 
cent material in'finely divided powder form 
in a liquid carrier. 

The luminescent porous layer can be 
prepared by using non-luminescent cloth, 
60 mesh or porous layer material, dyed or 
coated with fluorescent dye or pigment or 
by binding together fluorescent material in 
granular form, using resin or adhesive 
agent, to form a porous structure. Tlie 
65 elcctrophoretic material need not be lumin- 



escent when the suspension medium or the 
porous layer is lununescent; non-lumines- 
cent electrophoretic material which can be 
used includes, for example, carbon black, 
graphite or titanium dioxide. Black pigment 70 
may be opaque due to absorption of visible 
light and white pigment may be opaque due 
to reflection of visible light. 

An electrophoretic material suspended in 
a suspension medium usually has a charge 75 
which is positive or negative depending upon 
the properties of the electrophoretic ma- 
terial and the suspension medium. 

The electrophoretic suspension layer 27 
or 37 of Figures la or 2a can consist of a 80 
single electrophoretic material of either 
positive or negative polarity, suspended in 
a suspension medium. The electrophoretic 
suspension layer 42 or 44 of Figures 3a 
or 4a must include at least tv/o kinds of 85 
electrophoretic materials suspended in the 
medium. These tv/o kinds of electrophoretic 
materials must have different luminescent 
properties, and different charge polarities 
or elcctrophoretic mobilities. Accordingly, 90 
in preparing an elcctrophoretic suspension 
'layer such as 42 or 44. at least two electro- 
phoretic materials having suitable lumines- 
cent properties and electrophoretic proper- 
ties must be selectively suspended in the 95 
suspension medium. 

The suitable average particle sizes of the 
finely divided particles depend upon the 
stability of the resultant electrophoretic sus- 
pension, and lie usually in the range from 100 
0.1 /A to 50». 

It is advantageous to add a suitable 
charge control agent, dispersion agent or 
stabilizing agent to the electrophoretic sus- 
pension layer iii order to provide a stable 105 
suspension layer. To control the charge pro- 
perly of the suspended particles, it is pre- 
I'crrcd to use particles coated v/iih a resin 
Wi\ich is not soluble in. or only partially 
soluble in, the suspension medium. If the HO 
coating resin is partially soluble in the sus- 
pension medium, it can also act as a fixing 
agent for a displayed image. 

There can be used, as a suspension 
medium any suitable liquid which is inert 115 
to the electrophoretic material, the porous 
layer, the housing and the electrode. For 
producing a temporary display there can be 
used as a suspension medium in a liquid 
state at room teniperatures. that is from 120 
O^C to 35'*C. Suitable suspension media 
inckide, for example, kerosene, trichlorotri- 
Ruoroethane, isopropyl alcohol, mineral oil, 
liquid paraflin or olive oil. For producing 
a permanent display, that is, a permanent 125 
or semi-permanent copy, the suspension 
medium may be one which is in a solid 
state at room temperature but can be 
rendered fluid or liquid- above room tem- 
peralurcs. that is. above 35'C. Such media 130 
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include, Tor example, waxes sucli as bees- 
wax vegetable wax. paraffin or synthetic 



wax. 



V/iiJH using tliese waxes and sEr.nUir ir.a- 
5 ic-i^'i-i, Uie device, or at least tlic suspension 
Iiv-r ir-ust be kept at a suitable ie:npera- 
ti'''v; \ibovo room lemp-ialure, for record- 
ii^g the display. After tiie "^vics has been 
siibicjlod to liie direct clccinc field at U\y 
10 hi"l'er teiuperature and tlie spatia distri- 
bulior. cl: the eiectropiioretic niaienal. vancU 
clectropiu-rctically. the device is cooled to 
room 'cmperalure to produce a permanent 
d;-;p!uv. li it Is desired to erase such a 
15 display, the device is subjected to an a.ter- 
S^ or direct electric field at the higher 
teivpe'-aiure.. Once the material of the 
siK'-peiision layer has hardened, an electric 
field applied to the electroluminescent suo- 
20 pension layer to render it visible not 
chan:'e liie distribution of the clectrophorctic 
material and the permanent -niiage is re- 

I* ^ 

" Tiv^ siLSpe^ision niedlum may consist ol; 
25 a liiei-inosettable n^atcrial which is m a 
liquid svatc at room temperature; a com- 
nlete'y pormanent display is then obtamed 
by Producii- tiie desired ^ijtnbutioii cf 
tiic rv'ecJrophoretic material and then bettmg 
30 the medium by the application of heat. 

Thermoscttins materials which can be 
u<-d as susocnsion media in this way in- 
clude. Cor example, drying oil V^;;;\^^ -i^d 
seed oil, sova oil or tung oil. Hie liquid 
35 'uspension medium may include a omder 
iuch as polvsiyrol, vinyl acetate resm or 
£,ed on whiih nxes the eioctropnoreuc 
material in a finely divided powder forrn, 
and a hard copy having a permanently 
40 visibl^ ima-e reproduced ihereon can b^ 
obtained by evaporating or extractmg die 
residual medium. The evaporaticm or c^^^^ 
traction or the medium can be c.r-,.ud o^ 
reduced pressure applied to^ the meda.m, 
45 for example, bv evacuating tnc hoiu>nig in- 
cl^idin- clcctrophoretic material in the sus- 
pension medium through an outlet formed 
m a wall of the housing. , p 

Suitable housings can be made of an> 
50 available malerial which is inert lo die 
suspension medium and the elecctophoreuc 
niaterial. For example, the frame 23 can 
be formed from a plastic sliect naymg a 
central opening. Ciie or the tv/o wahs can 
55 be provided with a metai p ate secured cj 
adhesive to the frame: such a plate may 
serve as one electrode as described. Tiie 
other wall can be provided by a transparent 
<rlass plate secured' to the frame by adhesive, 
60 the plate havimi on it a transparent conduc- 
tive thin film such as a film of tin oxide, 
cunrous iodide or metal. The transparent 
conductive thin film is in contact witn the 
electrophoretic suspension layer. To pro- 
65 vide a device with a radiation source loca- 



ted behind the panel the metal plate can be 
-enlaced by a second transparent glass plate 
widi a conductive film on it. These methods 
of construction are given by way of ex- 
ample only, and any of a variety of 70 
inetliods can be adopted. , . , 

In assembling the device tlie electrophor- 
etic suspension can be introduced by pro- 
viding a housing with only one major wall 
attached, pouring in the suspension and then 7.^ 
nuachins the closing wall, or the housing 
can be comnleted but for an mlet in one 
v>^all throuifh which the suspension is 
poured, and the inlet closed when the 
liousins has been filled. w • i 

Improved operating life can be obtained 
bv coatina al least one of the electrodes 
^vith an insulating layer in contact with the 
suspension layer. Tiiis insulating layer im- 
proves the resistance of ihe suspension layer 
to ekvtrical breakdown and permits the use 
of hhmcr electric voltage. The layer also 
makes it easier to remove ilie electrophoretic 
material i'rom the electrode surlace wheii 
forming a new image by subjecting the de- 90 
vice to the appropriate electric field. 

Fi<^ure 11 shows an example of a con- 
struction using an insulating layer; a first 
eiectrode 28 is coated with an msu:atmg 
laver 70 which is insoluble in the suspen- ^- 
siin medium. Tlie other electrode 29 or 
both electrodes can be so coaled witn insu- 
laiing material. The insulating layer can be 
provided by coating the eiectrode wiin tor 
example, vinyl acetate resin, polystyrol or t 'V' 
gelatin, which forms a transparent insulat- 
in*- laver suiiabie lor a transparent wall ot 
the housine. Tlie thickness of ihe layer 70 
depends on the elecirical resisianje wnich it 
is desired that the layer and the eicctro- H)- 
phorctic suspension layer 22 snould .*a\e. 
For onerotion :it a low voltage it is aesirable 
that the insulating layer 70 should have an 
elecirical resistance no greater than that ot 
Ll,ie suspension layer 22. • i , , . 

Tiie suspension layer can be divia^-d to 
present a series of individual cells or cham- 
bers nested to form a composite layer. For 
example, as shown in Figure 12a the suspen- 
sion layer 50 is split up by a plurality ot H-^ 
spacers' 71 extending iraverscly ot t ie 
laver so as to present a number ot eels 
72 '^aca containing the suspension. The 
sna-ers can be provided by a siieei o. mu- 
terial 73 haviim Iioles therein, as shov.n ni i-t» 
Figure 13, used so as to divide the suspen- 
sioli laver into separate cham.bers or cells. 

The cells, formed by holes 74 or other- 
v/ise, can have any suiialMe shape, such as 
square, as shown in Figure 13, circular, reel- l^:^ 
c.n'^ular. hexaeonai, and so on. The cells 
can be regular or irregular in shape and 
may vary widelv in dimension and uisposi- 
tion or order. The diitiensions of the cells 
are s^Mecicd in accordance with the de^rcd L^O 



11 



1,314,906 



11 



display or the nature of the siispensioii, or 
botiip -but the ceHs must be at least greater 
tiiau l!ie dimensions of tlie particles of 
ciectrophoretic material in the suspension. 
5 By aividing the suspension layer into a 
plurality of cells or units a more uniiiorm 
or sharply defined display can be produced 
because movement of the ciectrophoretic 
material is confined to the limits of each 
iO cell. Suspension material in dilfcrent ceils 
of the same assembly may emit light of 
different colour. The suspension units are 
preferably disposed between, electrodes, one 
of which has a plurality of segment elec- 
ts trodes as shown at E,. E., in Figure 

12b corresponding to and in contact with 
the suspension in the individual cells, the 
otlier electrode being transparent and ex- 
tending over the transparent wall 24 of the 
20 housing, also as shown in Figure 12b. K 
the ceHs arc very numerous, tiic electrode 
El, En, E3. etc. can be formed as dols. In 
this way, each cell with its portion of the 
suspension Tayer between an elect rede scg- 
25 ment and the common electrode forms an 
individually ccntrcilablc picture elenieiit 
Each cell can be caused to produce a colour 
image by applying a direct viltage between 
the common electrode 28 and the selected 
30 scgmeJU electrode while the suspension layer 
imits are exposed to radiation flux. 

One way to provide electrodes for a num- 
ber of such cells which are in an orderly 
pattern is to provide a first electrode struc- 
35 ture consisting of a plurality of strip elec- 
trodes parallel to each other and a second 
electrode consisting of a plurality of strip 
electrodes w^ich are disposed at right angles 
to the strips of the first electrode, similar 
40 to the arrangement shown in Figure 7. The 
cell located at eo.ch intersection of a strip 
of the first electrodes and a strip of the 
second electrodes can then be selectively 
activated, and can be used as a picture 
45 element. The cells can then, by use of a 
suitable suspension, be arranged to emit 
different colour light, for example red light 
as at 50R, green light as at 50G. or blue 
light as shown at 50B in Figure 12c. The 
50 production of a suitable electric field by 
appropriate voltages iinpressed on the elec- 
trodes can be arranged to cause selected 
picture elements to reproduce a luminesc- 
ent coloured image on the display panel. 
^5 A display panel for producing a coloiir 
image can be provided by using mosaic 
colour {liters and a suspension capable of 
changing in shades of grey between black 
and white: areas of the transparent wall of 
60 the housing or the transpareiit electrode 
correspondilig to each picture clement in a 
dispiay panef of tlie type shown in Figures 
7 or 1 2b are selectively coloured so that 
it acts as a colour filter, for example, for 
65 red, green or blue. However, a display 



device having at least three kinds of suspen- 
sioiis, that is red, green and blue, gives a 
better colour rendering, especially with re- 
spect £0 the brightness of die high lights, 
than can a panel v/itli the mosaic colour 70 
filter on the transparent v/all or electrode. 

A monogrammatic character display 
panel, similar to that described with refer- 
ence to Figure 6, can also be formed by a 
scries of individual units each correspond- 75 
ing to one o£ the seg.mental electrodes 
shown. 

It is not necessary that the suspension 
layer should be defined by plane surfaces, 
and curved surfaces can be used, l-or ex- SO 
ample, in Figure 14. the suspension layer 
50 is enclosed in a housing consisthig prin- 
cipally oi two concentric cylinders 75 and 
76. The inner cylinder 75 carries an elec- 
trode 79 and cylinder 76 an electrode 78 S5 
attached thereto. Electrodes 79 and 78 are 
similar in nature to electrodes 52 and 53. 
The cylinder 75 can be constructed to en- 
close a gas such as, for exaiiipie, argon or 
krypton and mercury capable of sustaining 90 
a gas discharge. Witii the gases iricntioned, 
ultra- violet radiation, rnainly at 253 7 A, is 
eniilied if an electric field is applied to the 
gas in conditions to cause a suitable dis- 
charge. 95 

The inner cylinder and the electrode 
attached to the outer surface of the cyliiider 
are transparent to the radiation flux. The 
outer cylinder and the electrode on its inner 
surface are transparent to visible light. .A. 
direct voltage from a voltage source 30 is 
applied between the electrodes so as to con- 
trol the spatial distribution of the electro- 
photctic material of the suspension and 
thereby the luminescent appearance of the 
device. The source 30 can supply not Oiily 
the direct voltage but also said electric field, 
such as an aliernating field for producing 
the gas disci large. The inner . .surface 101 
of the inner cylinder can have upon it a ^ 
coating ct fiuorescent material to convert 
the light in the ultra-violet spectrum from 
the gas discharge into radiation in other 
parts of the spectrum. The device in Figure 
14 is useful as a fluorescent lamp, the colour 
of which can be changed by varying ti^e 
inlcnsity, duration time of application and 
the polarity of applied direct voltage. 

The amount of electropho relic material 
in a suspension medium or the tliickness of 120 
thii electrophorctic suspension layer is selec- 
ted, depciiding upon the opacity, luminesc- 
ent property or electrophorctic property of 
the ciectrophoretic material, the range of 
colour change required in the device, feasi- 125 
bility of tlie voltage souce and so on. 

Since the display devices described are 
of the luminescent type, a^componcnt of the 
suspension layer . must be opaque with re- 
spect to the radiation flux and /or visible 130 
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liaht in order to make an adequate colour 
change. The thicker -the suspension layer, 
the hialici- die applied voltage usuai.y re- 
quiredr The thinner the suspension layer. 
5 the srroatcr the concentration of clcclro- 
phorctic material required for a given 
colour change. The thickness o£. the siis- 
pension laver in practical devices is usually 
in the range from a few microns to a few 
10 mm. . 

The following are examples of suitable 
material. 

F.y A \^ PI F I • -I 

Ten grams of Cyanine green B partif'". 
5 v/hich is phlhalocyanine green supplied by 
Dainippoif Ink Chemical Industr^l Com- 



used were elcclroluminesccnt and the sus- 65 
pension layer radiated electroluminescent 
li^^lit on application of an electric field. 

■'A direct voltage of 300 V was applied 
between the EC glass electrode as cathode 
and the aluminium phuc as anode. After 70 
that, when a sinusoidal alternating voltage 
af 250V at 1 kHz was applied between the 
two electrodes, ihc suspension layer emitted 
a briaht ereen light through the EC glass. 
When^ the sinusoidal voltage was applied 75 
between the two electrodes after application 
of a direct voltage of reverse polarity, the 
suspension layer was deep green. As nien- 
lioxied above, the suspension layer in this 
example radiated visible light when ultra- 80 
violet liaht or an altcrnatuig electric field 



minippon xiits- 7*"~inn ml of was applied to it. The ceil was useful as 

pany in Japan, wore added to 1 uu rni oi ^ ciianse panel in which green bnghl- 
olivo oil and blended well »^^^„,bajl miU ^to ^^^^^ ^^^^^^^ controlled. 



?rodu^^^ rVir^T pasta "xhc first paste was 
20 Seen areen in colour when viewed ni wnite 
fi^ht The green particles -had negative 
charae polarity in olive oil, ten grams ot 
a fiiToresccnt powder particles supplied as 
EL-G^L by Sakai Chemical Indtistnal 
25 Company in Japan in a main ^^^^^y ot zinc 
sulphide were added to 50 ml ci on/c oil 
W mixed well by ultrasonic vioratioii to 
pSlt^e a second paste. The second paste 
^ad a faint green colour ^^F^^^'^;^^.^ 
30 ,vh!te li^ilit. The zmc sulpnide P^*^^'^ 
had we:i!c posicive charge P'^^lff^^^'^^P^^,^^.'^^ 
not show any noticeable ek^.ro,.nor.. c 
aelivUy in olive oil Equal ^^ an j^es ot^u. 
first aiid the second pastes -.veie i^^P^-^^;^; 
35 To produce a third paste, y^'^^i']'"^ ^f^f^ 
was olaced between an aluminium plate 
and an EC elass electrode so to produce a 
lumiaescciu electrophonnic sttspens^ layei 
having a thickness ot IO^/a. ihy t.<^ ^...^s 
40 was a transparent glass plate having a rans- 
parent conductive layer of tin, oxioe there- 
on TJic suspension layer raouued vcJow- 
fsh areen light through the ^^-Slass elec- 
trode when the suspension layei was ex- 
45 posed throueh the EC glass electrode to 
{^Ura-^iolet ra^diatioa flux from a 
lamp V/lien a direct voltage of oGO / was 
applied between the EC glass electrode as 
c-nhode aiid the aluminium plaie as anode, 
50 the luminescent colour of the suspension 
layer changed and became bright gixen. 
Wh-n the polarity of the applied voltage 
v/as" reversed, the colour of the suspension 
layer became deep green. Ihe ummesceiU 
55 green colour of the suspension layer could 
b* chan-ed in brightness by varying the 
voltaee, lime of application or polarity of 
the applied voltage. The displayed co our 
could be maintained after the remova of 
60 the applied field. The reflective colour 
chpracteristic of the suspension layer could 
also chanae its sreen colour on application 
of a direct voltage when viewed under 
wiMie light. The zinc sulphide particles 



Ten graras of fliioresccnt powder particles 
supplied as EL-RI by Dainippon Paint 
Conv:aav in Japan, in a main body of zinc 
S'dphiue^v/as added to 50 ml of toluene dis- 
solved icn urarns of vh'.yi aceiate resin 90 
iherciii and Inixed well by application of 
ultrasonic vibration to produce a pasie. 

The surface of screen sheet No. lO(X) 
supplied bv the Teijin Conipany of Japan 
and woven of polyester fibre was coated 
\whh the pasie to produce a luminescent 
porous layer. The porous layer enutted red 
iieht when exnosed to ultraviolet light from 
a"^ black light lamp. Five grams of the 
lluorescem powder particles as used in Ex- 
ample . I wer-e added to 50 ml of isopropyl 
alcohol and mixed well by an ultrasonic 
vibrator to produce a suspension. The 
pov/dcr particles had negative charge pol- 
arity in isopropyl alcohol. The iuminescent 
porous layer was inserted between two screen 
sheets No. 1350 supplied by Teijin Com- 
pany of Japan to produce a sandwich: a 
hotising was tfashioned by inserting the 
sandwich between an EC glass electrode and HO 
an aium.iniuin plate, and tiie housing was 
filled with the suspension to produce a 
luminescent electrophoretic suspension layer. 
The housing was made liquid-tight by 
adhesive agent. When the suspension layer llD 
v/as exposed, through the EC glass elec- 
trode, to ultra-violet light from a black 
licht lamp, the suspension layer emitted 
v3llow li2ht. When a direct voltage of 25V 
was applied between the EC glass electrode 120 
as anode aiid the aluminium plate as cath- 
ode, the lumip.escent colour of the suspen- 
sion laver was green under ultra-violet light. 
Application of a direct voltage of reverse 
polarity between the EC glass electrode and 125 
the aluminium plate changed the luminesc- 
ent colour of Che suspension layer from 
^reen. through yellow, to red. .A sinusoidal 
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alternating voltage of 150 V and 60 Hz 
was half-wave rectified "by a rectifier so as 
to produce repeated unidirectional pulses of 
voltage and when this pulse voltage was 

5 applied between the EC glass electrode and 
the aluminium plate, the suspension layer 
emitted electroluminescent orange ^ight 
when the EC glass electrode was the cath- 
ode and green light when the glass was the 

10 anode. 

The device of this example was useful 
as an electric colour changeable panel cap- 
able of being altered in colour from green, 
through yellow, to red and vice versa under 

15 excitation by ultraviolet 4ight. 

Attention is directed to our co-pending 
Appiica-tions - 1961 1/70 and 19612/70 (Serial 
Nos. 1,313.412, 1.313.413) which contain 
claims directed respectively to devices and 

20 to methods of operating devices utilizing 
electrophoretic movement. 

WHAT WE CLAIM IS: — 

1. A display device comprising a layer, 
including a luminescent material, the lumi- 

25 nescent appearance of -the device being 
controllable by electrophoretic movement of 
an electrophoretic material in said layer. 

2. A display device in accordance with 
claim I, wherein said electrophoretic ma- 

30 terial is luminescent, 

3. A display device in accordance with 
claims 1 or 2, and comprising a luminesc- 
ent non-electrophoretic material. 

4. A display device comprising a layer 
35 including a suspension medium, and at least 

one material in a form susceptible of elec- 
trophoretic mobility suspended <m said 
medium, at least one of the components of 
said layer being luminescent material, and 

40 at least one of the components of said layer 
being substantially opaque to *the radiation 
which excites the luminescence or to visible 
light emitted by the luminescent compon- 
ent, said suspension being bounded by op- 

45 posed surfaces, spaced electrodes positioned 
with respect of said surfaces whereby on 
applying an electric field across said layer 
between said electrodes, the spatial distri- 
bution of said electrophoretic material be- 

50 tween said surfaces is electrophoretically 
changed whereby to change the luminescent 
appearance of said device. 

5. A display device in accordance with 
claim 4. wherein said surfaces are generally 

55 parallel. 

6. A display device in accordance with 
.claim 5, wherein electrodes are positioned 
to impose on said suspension a field which 
is substantially at right angles to the said 

60 surfaces. 

7. A display device in accordance with 
claims 4, 5 or 6, wherein at least one 
electrode is positioned on one of said sur- 
faces. 



8. A display device in accordance with 65 
any of claims 4 to 7 wherein a wall mem- 
ber defining at least one of said surfaces is 
transmissive to energy for exciting said 
luminescent material. 

9. A display device in accordance with 70 
any of the preceding claims, wherein said 
luminescent material is capable of being 
rendered luminous by electromagnetic radi- 
ation. 

10. A display device in accordance with 75 
claim 9, wherein said radiation is in the 
non-visible spectrum. 

11. A display device in accordance with 
claim 10, wherein said radiation is in the 
ultra-violet range. 80 

12. A display device in accordance with 
any of the claims 4 to 8, wherein said 
radiation is energy from a radioactive 
source. 

13. A display device in accordance with 85 
claim 12, wherein said source is an em- 
bodied part of said display device. 

14. A display device in accordance with 
claim 13, wherein said source is in said 
suspension. 90 

15. A display device in accordance with 
claims 12, 13 and 14, wherein said energy 
is radiation from a radioactive isotope of 
radium, strontium 90, tritium or promc- 
thium 147. 95 

16. A display device in accordance with 
any of claims 4 to 15 comprising means 
for applying a voltage between said elec- 
trodes. 

17. A display device in accordance with 100 
claim 16, and comprising, means for im- 
pressing an alternating electric field on said 
layer. ^ 

18. A display device in accordance with 
claim 16. and comprising means for im- i05 
pressing a repetitive uni-directional pulse 
field on said layer. 

19* A display device in accordance with 
any of claims 4 to 18. wherein at least said 
electrophoretic material is luminescent. no 

20. A display device in accordance with 
any of the preceding claims and comprising 
at least two electrophoretic materials, which 
differ in charge polarity. 

21. A display device in accordance with H5 
any of claims 1 to 19. and comprising at 
least two electrophoretic materials, which 
differ in electrophoretic mobility. 

22. A display device in accordance with 
any of the preceding claims, and comprising 120 
at least two electrophoretic materials which 
differ in luminescent properties. 

23. A display device in accordance with 
any of claims 4 to 22 wherein said suspen- 
sion medium is luminescent. 125 

24. A display device in accordance with 
any of claims 4 to 23 and comprising a 
porous layer inserted 'in said suspension 
medium. 
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25 A display device in accordance with 
claim 24 wherein said porous layer is lumi- 
nescent. , 

26 A display device m accordance wnn 
5 any of claims 4 to 25. wherein said suspen- 
sion further contains a binder for said eicc- 
trophorctic material, v/hich binder is at 
least partially soluble in said suspension 
medium. . . . 

10 '77 A display device m accordance widi 
any of claims 4 to 26, wherein said suspen- 
sion medium is a hardcnable material. ^ 

'^S A display device in accordance \yitli 
claim 27, wherein said suspension medium 

15 is heat hardenable. _ ^ 

29 A display device in accordance witn 
any of claims 4 to 26 wherein said suspen- 
sion medium is heat softenable. 

30 A display device in accordance with 
20 any of claims 4 to 29, and including means 

for applying an electric field to said suspcn- 
. sion and means for controlling said electric 
field as to intensity and/or duration and/or 

25 ^^3l"^^A display device in accordance with 
any of the claims 4 to 30. and including a 
housin- enclosing said layer, said housing 
nresenting two spaced opposed major hous- 
ing- walls between which said suspension 

30 layer and said electrodes are positioned. 

3-7 A display device in accordance with 
claim 31, wherein at least one wall and the 
adjacent electrode are transparent to visible 

35 ^^^33 A display device in accordance with 
claim 32, wherein one electrode and the 
adjacent wall is transparent to energy, or 
radiation, inducing luminescence and llie 
other electrode and the other wall is trans- 

40 parent to visible light. 

34 A display device in accordance v/iui 
claim 33, wherein one of said walls is trans- 
parent with respect to said energy or radia- 
tion and has one electrode attached thereto 

45 and the other of the walls is transparent 
with respect to visible light and has a 
second electrode attached thereto. 

35 A display device in accordance witti 
claim 32, wherein one of said walls and an 

50 adjacent electrode is transparent with re- 
spect to both said radiation and visible 

'^^^36 A display device in accordance with 
any of claims 4 to 35. wherein at least one 
55 of said electrodes is in the shape of a de- 
sired pattern for display. 

37, A display device in accordance with 



any of claims 4 to 35. wherein at least one 
of said electrodes is formed as a series of 
independent electrodes disposed on a com- 6U 
mon surface. 

38 A display device in accordance with 
claim 37 wherein said electrode is formed 
as a series of substantially parallel strips of 
electrode material. -.u 

39 A dispiav device in accordance with 
claim 38 wherein the other electrode is 
formed as a series of substantially parallel 
strips of electrode material. -7a 

40 A display device in accordance with 70 
claims 38 and 39. wherein the strips of tlie 
respective series are disposed substantially 

at rieht angles. 

41^ A display device in accordance with 
claim 37. and comprishig means to define 75 
individual bodies of suspension pertaining 
to and controllable by said independent 

electrodes. . . 

4'^. A display device m accordance with 
claim 41 wherein said individual bodies of 80 
suspension have diiferent luminescent prop- 

^^43^ A display device in accordance with 
any of claims 4 to 42. wherein at least one 
said electrodes is provided with an insulat- 85 
inn, layer in contact with said suspension. 

44 A display device in accordance with 
claim 32 wherein said transparent housing 
wall or said transparent electrode has a 
mosaic of colour filters thereon. . , 

45 A display device in accordance with 
any of claims 4 to 44 and comprising cylin- 
drical inner and outer walls confining said 
suspension. . ^ 

46 A display device m accordance with 95 
claim 45, wherein the interior of said inner 
wall contains a gas. and comprismg means 

for producing a lummous electric discharge 
in^said gas._^^^^^ device in accordance with 100 
any of the claims 4 to 46. said device being 
in association with an electron beam de- 
vice the beam current of which is adapted 
to control the electric field existing across 

said layer. , . • 1, 

48 An improved display device, sub- 
stantially as described, with reference to the 
accompanying drawmgs. 

A. A. THORNTON & CO., 
Chartered Patent Agents, 
Northumberland House, 
303/306 Hich Holborn, 
London. W.C.I. 
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